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Abstract/ Summary
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As electronics have been designed to be smaller and more compact many new methods and ideas 
have been developed to remove heat from these electronics. ITT Aerospace and Communications 
Division is located in Fort Wayne.  They produce the world famous SINCGARS radio. ITT has 
looked into the possibility of cooling future radio products using SUNON mighty mini-fans. 
SUNON Group is a leading fan producer and manufacturer.  Their newest line of fan product is 
the mighty mini-fan. The Mighty mini-fan they offer is one of the smallest fans available on the 
market. SUNON Group claims that their Mighty mini-fan is capable of cooling a hot electronic 
component by 10°C. 
 
It was the task of the design team to develop a testing model of the air sealed radio, setup a test 
facility and process, and employ a cooling strategy that maximizes the capabilities of the Mighty 
Mini-fans. The initial stage of the design process was to formulate a problem statement that 
clearly defined the enclosed radio module expectations, printed wiring board position and 
composition, and the heat generation quantity and locations. Once the problem statement was 
completed conceptual designs were developed during brainstorming sessions. The conceptual 
designs were then evaluated based on the feasibility of several design factors. These factors 
include manufacturability, safety, ease of implementation, practicality, and cost. The conceptual 
design evaluation resulted in the selection of a primary design. 
 
Once a detailed design was selected and specified we used mathematical models to evaluate how 
changing the convection coefficient h would affect the enclosed module and surroundings. Our 
modeling indicates that we will be able to achieve our goal for temperature reduction, however, 
we have to be concerned with keeping all of the temperatures in the test facility in a safe and 
suitable range. 
 
The fabrication of an enclosed module that meet all of the requirements of the problem statement 
allowed for in depth testing of the mini-fans under steady state conditions. The scope of the 
testing was focused on maximizing the mini-fans capability of removing heat from the heat 
generating component. To achieve this goal different mini-fan models, locations, and 
configurations were used. Testing resulted in heat generating component temperature reductions 
of greater than 10 °C.  
 
All test data that was recorded was used to evaluate the thermal effects of introducing mini-fans. 
In addition the testing data was used to fine tune the mathematical models developed to predict 
temperature reductions. Alteration of the mathematical model parameters in accordance with 
testing data resulted in models that can predict temperature trends in the case within reasonable 
accuracy. 
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Section I: Detailed Description of the Selected 
Conceptual Design 
 The design of the test facility consists of five design sub-components. These are ambient 
temperature control, enclosed module structure, variable spacing mechanism, heating component 
simulation, and temperature measurement. This document will describe, in detail, the final 
design of the test facility, shown in Figure 1.1, along with the cooling strategies required to meet 
the design requirements.  
 
 
Figure 1.1: View of enclosed test module in a thermal chamber with an exploded view of a 
PWB surface. 
 
Test Facility Detailed Design 
 
Enclosed Module 
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 The first aspect of the test facility to be considered is the enclosed module that contains 
the printed wiring boards (PWBs).  The enclosed module will be made from ¼” thick 6061-T6 
aluminum as required in the problem statement.  It was determined that the most suitable design 
for our purposes was to have a removable bottom plate, onto which all of the hardware would be 
mounted.  This would facilitate easy access to the PWBs for assembly and any troubleshooting 
that might be encountered while operating the system. From a manufacturing standpoint, this 
will be quite simple to build since there are only two sections and the base will be cut from sheet 
metal with no additional forming required.  A gasket will be used around the opening to maintain 
an air-sealed environment.   Two views of the enclosed module are shown in Figures 1.2 and 1.3.  
The large hole labeled “Hole for All Wiring” in Figure 1.2 is to allow for any wiring from a data 
acquisition (DAQ) system to enter the enclosed module. This hole will be sealed with an air tight 
adhesive after the wiring has been assembled in order to maintain an air-sealed module.  Bolts 
are run through tabs that were added to the side of the enclosed module so that the fixture can be 
sealed without running screws through the gasket. While this may slightly increase the cost of 
manufacturing it will greatly reduce the risk of damaging the gasket during assembly and 
disassembly.  
 
 
 
Figure 1.2: View of enclosed module housing showing the set screws and hole for DAQ wiring. 
 
 
Board Support 
 
 As specified in the design requirements, the boards must be variably spaced between 
0.394” and 0.591”.  To achieve this variable spacing, set screws will be used to support the 
boards.  Set screws will be assembled through the bottom plate and through holes in the corners 
of the PWBs as shown in Figure 1.3.   The set screws will be fixed to the base plate and will 
support the PWB’s with height adjustable nuts.  
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Figure 1.3: Open view of the enclosed module showing 3 PWB’s with heat generators and 
variable hot component in red. Board spacing is variable based on set screw position. 
 
Heating Component Simulation 
 
To simulate heat on the top and bottom boards we will fasten KAPTON heaters directly 
to the surface of the PWB using thermal tape. The heat generation of these components can be 
controlled using variable voltage supply. Since the voltage is known, we can determine the 
power generation from the KAPTON heater using the thermal resistance equation.   This will 
adequately model the electronic component characteristics required by ITT which is a constant 5 
W output from the top PWB and 5 W output from the bottom PWB.  Nearly any size heater will 
suffice for this purpose and will be supplied by ITT. 
On the middle PWB, the heating component must be simulated accurately to achieve the 
best model.  This will be done by using a KAPTON heater pressed between two pieces of 
aluminum.  This will accurately model the size and heating characteristics of an actual heat 
generating chip.  The KAPTON heater to be used is model KHLV-101/(5), which is a 1” x 1” x 
.01”  paper thin device that is capable of up to 5 W output power at 28 V.  These will be 
assembled using a highly heat conductive adhesive as shown in Figure 1.4.  This solution was 
used since the budget for the project is minimal, the heaters and variable voltage supply will be 
provided by ITT. 
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Figure 1.4:  Exploded view of the heat generating chip model. 
 
Temperature Measurement 
 
 The temperature of the points of interest must be monitored to determine if the goal of a 
10°C temperature decrease of the heat generating component has been reached.  Thermocouples 
will be attached to these various points to measure these temperatures.  The temperatures will be 
recorded using the virtual instrument LabVIEW.  All wiring connected to the thermocouples will 
be assembled through the opening in the bottom of the enclosed module and air-sealed using an 
airtight adhesive as shown in Figure 1.2.  The decision to use thermocouples resulted from the 
team’s previous experience with these instruments. Thermocouples are easily synchronized with 
the LabVIEW system, and they are inexpensive to purchase and could be provided by IPFW.   
 We will be using type K thermocouples in our enclosed module. This type was chosen 
because of its range, which is -270 – 1370 ⁰C and is well within our measurement range. These 
thermocouples will be connected to a data acquisition board, which is connected to a PC where 
we will be able to view all the temperatures through our LABVIEW software package.  We will 
have numerous thermocouples in use to verify the temperatures at all locations based upon our 
model and the requirements set forth by the ITT Corporation.  We will have thermocouples 
mounted on the heat generating chip T1, on PWB surface T3, the internal and external enclosed 
module walls T4 and T5, and the thermal chamber wall T7.  Thermocouples will also be used to 
measure internal enclosed module air temperature T2, and thermal chamber air temperature T6. 
T1 through T7.  
 
Ambient Temperature Control 
 
 In order to meet the design requirements of maintaining an ambient temperature at 25, 50, 
and 75 °C we will place the enclosed module in a thermal chamber.  The thermal chamber used 
will be provided by IPFW and is shown in Figure 1.5.  IPFW has several thermal chambers that 
would be suitable for our purposes and would provide sufficient temperature ranges.  If the 
thermal chamber is unavailable for any reason a typical kitchen oven could also be used since the 
10 
 
precision of the ambient temperature is not a high priority.  This design was chosen since the 
budget is too low to purchase a new thermal chamber and the other options are free of charge. 
 
 
 
Figure 1.5:  Picture of the thermal chamber that will be used for testing. 
 
DAQ System 
 
 The DAQ system to be used will use a Virtual Instrument (VI) created in the program 
LabVIEW. This VI will incorporate all temperature measurements, show them in real-time, as 
well as transfer them to a data file.  The thermocouples will be connected to the junction box 
provided by IPFW.   
 
 
 
Cooling Strategy Design 
 
Implementing mini-fans into the enclosed module design will only provide an increased 
convection coefficient h on the inside of the enclosed module.  Since this is the only factor that 
can be modified to achieve the goal of a 10°C temperature drop, mathematical models of the 
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system have been developed to explore how temperature changes as a result to forced convection 
values of h. 
 A sphere model was used to find internal enclosed module air temperature. A flat plate 
model was developed to find the effect of air velocity on the convection coefficient over the chip 
surface hchip. Finally, a complex model of the system was developed to calculate all temperatures 
in the enclosed module and surroundings. 
 
Mini-fan Placement Strategy 
 
Using the sphere model we can determine the minimum values of hchip required to move 
the given amount of heat.  Also from the flat plate model we have determined a relationship 
between hchip and air velocity.  With this information we can find a velocity required to remove 
the given amount of heat energy.  The velocity required cannot be produced by a single mini-
man.  Therefore an array of mini-fans will be used in order to meet that velocity.  We do not 
have an exact correlation between the number of mini-fans and velocity.  Therefore, the exact 
number and configuration of mini-fans required to meet the goal will be determined 
experimentally. Experimental methods will involve using impinging flow along with angled 
flows that mix. Other experimentation will investigate the effects of forcing the flow to be 
turbulent using mixing and small scale flow obstruction. 
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Section II: Prototype Manufacturing Process
1. Enclosed Module 
 
The enclosed module is made of 6061-T6 aluminum and consists of 2 pieces, a top five sided box, and a 
bottom plate, the remaining side to the box.  It was manufactured by ITT.  The top piece started as a solid 
block of aluminum and was milled into shape.  Small holes were added to mount thermocouples on the 
top and side of the module walls.   The bottom piece started as plate stock, then was milled to shape the 
mounting tabs and the mounting holes and wiring hole were drilled.  Four holes were drilled and threaded 
to allow the set screws to mount.   Finally a gasket was added to the bottom plate in order to maintain an 
air tight seal, and bolts were used to fasten the two pieces of the module together.  Detailed pictures of the 
module are seen in Figure 2.1.   
 
 
 
Figure 2.1: Picture of the enclosed module. 
 
2. PWB’s 
 
The Printed Wiring Boards (PWB’s) are cut from stock and are 3” x 5” with a thickness of.061”.  There 
are three boards as requested by ITT.   Small holes were drilled in the ends of the boards in order to 
mount the thermocouples.  This is shown in Figure 2.2.  The PWB’s are mounted with on screws and 
separated with nuts as shown in Figure 2.3. 
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Figure 2.2: Detailed pictures of lower and upper PWB’s. 
 
 
Figure 2.3: Detailed picture of all three PWB’s. 
 
 
3. Heat Generating Component 
 
The heat generating component is made of a round MINCO tape heater 1.5” in diameter.  The 
heater is then sandwiched between two pieces of aluminum plates using thermal adhesive tape.  
The aluminum plate is 1.5” x 1.5” and 0.061” thick.  A groove was made in the aluminum to 
allow the installation of a thermocouple at the center of the heater.  The aluminum is then 
mounted to the PWB using thermal adhesive tape.  This is shown in Figure 2.4.   
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Figure 2.4: Detailed pictures of the center PWB and supports. 
 
4. Thermocouples 
 
Thermocouples were made using copper-constantan thermocouple wire and welded with 
HOTSPOT II by DCC corporation thermocouple welder shown in Figure 2.5.  Thermocouples 
were then tested and calibrated in an ice bath where all thermocouples registered 0°C.  Readings 
for calibration were taken using MODEL 660 thermocouple reader made by OMEGA 
ENGINEERING INC. 
 
 
Figure 2.5: Picture of the center thermocouple welder. 
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5. Electronics 
 
Running the experiments will require power to be supplied to both the mini fans and to the 
heating components.  This is done by using MODEL QRS 30-1 power supplies made by 
SORENSEN / RAYTHEON.  Also a digital multimeter MODEL CDM 250 by TEKTRONICS is 
used to set voltages very accurately and to verify power settings.  This setup is shown below in 
Figure 2.6.  As requested by ITT we will be testing the module in a range of different 
temperatures and will be using a thermal chamber. The thermal chamber has access holes to 
allow for data acquisition in real time.   
 
Three power supplies are used. Power supply 1 is used strictly to power the mini-fans and is set 
to 3.30V.  Each mini fan used is connected in series with a toggle switch to turn it on and off.  
Each fan/ switch circuit is then connected in parallel to the power supply to ensure the same 
voltages across each fan.  Power supply 2 is used to power the middle heater only.  Power supply 
3 is used to power the top and bottom heaters.  The heaters are connected in parallel to ensure the 
same heat output.   
 
 
Figure 2.6: Picture of experiment setup. 
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6. LABVIEW 
 
A LABVIEW program was written to help collect and store data.  The program is written to read 
up to 11 different thermocouple channels, display the temperatures in degrees Celsius, and write 
the temperatures to a specified data file.  The front panel display is shown below in figure 2.7.  
The block diagram for the program is also shown below in figure 2.8.  Notice the filter in the 
block diagram is used to smooth the output of the thermocouples. 
 
 
Figure 2.7: Screenshot of LABVIEW front panel.  Notice temperatures are displayed in both 
graphical and digital form. 
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Figure 2.8: Screen shot of LABVIEW block diagram. 
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Section III: Testing
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Known Parameters 
The testing that we perform is focused on obtaining information on the thermal effects of 
introducing mini-fans to the enclosed module environment. As we design the experiments that 
we perform we are looking to experimentally determine unknown parameters in an efficient and 
conclusive way. According to the problem statement issued by ITT there are many parameters 
that are specified for the problem. Our first step is to clearly define the variables that are known 
and how the fans can be used with these parameters to experimentally determine the unknown 
parameters. The known parameters are controlled by our testing setup and are used to model 
extreme conditions of ITT radio use. The known parameters for our testing situations are listed 
below. 
 Ambient air temperature 
 Power input to the 3 PWB’S 
 Geometry of enclosed module, PWB’s, mini-fans, and thermal chamber 
 Material properties which include conductance, density, and reflectivity 
 Volume flow rate curves of all mini-fan models 
 Power input and power consumption of mini-fans 
 Mini-fan locations and quantities 
Parameters to be measured experimentally 
The overall goal of the design project and testing is to find a way to use the mini-fans to reduce a 
heat generating components temperature my 10 °C. In addition to achieving this goal we would 
like to optimize the effectiveness of the mini-fans and obtain an understanding of how they could 
be used in a wide range of radios. Due to this we have developed numerical models that run on 
values that have been calculated and assumed. Fine tuning these numerical models through 
experiment could yield software tools that enable fan placement strategies applicable to the 
entire scope ITT radio production. For this to happen the testing that we perform must validate 
many unknown parameters. Therefore our testing must be repeatable accuracy, a clear defined 
testing plan, and sufficient thermal data acquisition. All data and values that we determine will 
come from testing running at Steady State.  The list of unknown parameters that we will 
experimentally measure is shown below.  
 Heat Generating Chip temperature 
 Enclosed Module Case Temperatures 
 Enclosed Module Air Temperatures 
 All PWB temperatures 
 Convection Coefficient h over the Heat Generating Component 
 Convection Coefficient h over PWBS and interior walls 
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The Testing Procedure 
 
1. Prepare the data collection hardware by turning on the computer and loading the program 
with LABVIEW. 
2. Set thermal chamber to required temperature. 
3. Mount and connect all thermocouples to the DAQ board. 
4. Mount mini fans to the board using double sided tape in the orientation required for the 
test. 
5. Assemble the enclosed module with PWB’s mounted to the set screws (set to the desired 
board spacing) and ensure an air tight or nearly air tight seal.  
6. Fasten the module lid to the base using bolts. 
7. Check power supplies and ensure proper voltages are set using a digital multimeter.  
WARNING: MINI FANS WILL BE DAMAGED IF VOLTAGE EXCEEDS 3.5 
VOLTS. 
8. Connect the heaters and mini fans to a power supply.  Use a switch in series with the mini 
fans in order to easily turn them on and off.  Be sure to check the mini fans operation 
with the direction of the switch as the mini fans may be too quiet to hear. 
9. Place enclosed module inside thermal chamber. 
10. Start the LABVIEW program in order to begin collecting data. 
11. Turn on power supplies for the heater and mini fans. 
12. Check temperatures while running the test to ensure temperatures do not exceed limits.  
WARNING:  HEATER WILL BE DAMAGED IF TEMPERATURE EXCEEDS 200°C.  
MINI FANS MAY BE DAMAGED IF THE OPERATING TEMPERATURE 
EXCEEDS 70°.  
13. Allow temperatures to reach steady state. 
14. Stop the data collection and the testing is complete. 
 
Test Plan 
 
Our design of experiment for the tests that will be performed focuses on evaluating the unknown 
parameters for our problem as well as conditions and fan uses that result in optimal temperature 
reduction. A list of the testing cases experimental purpose is shown below. For each test case a 
summary of the test conditions, parameters to be measured, optimization techniques, and 
quantity of tests performed is detailed below. The tests are split into two categories the first uses 
a single PWB with the heat generating component for a simplified problem and the second is the 
full scale problem which meets all of ITT’s design requirements. 
 
Single PWB tests with Heat Generating Component 
 Repeatability of Natural Convection temperatures 
 Varying mini-fan distance from Heat Generating Component 
 Orientation of mini-fans with respect to Heat Generating Component 
 Evaluate different mini-fan models 
 Evaluate effects of quantity of fans used 
 
 
Three PWB tests with variable board spacing. 
 Effects of increased power input 
 Effects of board spacing 
 Effects of additional components being placed on PWB’s 
 Effects of ambient temperature 
 
Repeatability of Natural Convection temperatures 
 
For this testing scenario one centrally located PWB will have the Heat Generating Component 
located on the top. The input to the Heat Generating Component will be varied from 3 to 5 watts. 
The ambient temperature will be room temperature. A mini-fan will be placed on the PWB but 
no power will be supplied to the mini-fan. The enclosed module will be sealed and all 
thermocouples will be used to record temperature data. Tests will be run until steady state is 
achieved. The test will be performed three times and the repeatability of these tests will be 
measured upon completion. 
 
Varying mini-fan distance from the Heat Generating Component. 
 
For this testing scenario one centrally located PWB will have the Heat Generating Component 
located on the top. The ambient temperature will be room temperature. A mini-fan will be placed 
on the PWB at varying distances from the front edge of the Heat Generating Component and the 
power input will be 3 watts. The enclosed module will be sealed and all thermocouples will be 
used to record temperature data. Tests will be run until steady state is achieved. We will place 
the mini-fans at locations of 1mm, 10mm, 15mm, and 20mm. The same mini-fan will be used for 
the four testing cases. These tests should locate the optimal distance to place the mini-fans from 
the Heat Generating Component. Figure 3.1 shows the layout of the fan location. 
 
 
Figure 3.1: Setup of test varying distance between the heat generating component and the  
Mini-fans 
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Orientation of Mini-Fans With Respect to Heat Generating Components 
 
For this testing scenario one centrally located PWB will have the Heat Generating Component 
located on the top.  The ambient temperature will be room temperature. A mini-fan will be 
placed on the PWB at the optimal distance from the front edge of the Heat Generating 
Component and the power input will be 3 watts. The enclosed module will be sealed and all 
thermocouples will be used to record temperature data. Tests will be run until steady state is 
achieved. Mini-fan orientation will be varied such that the angle of the outlet air from the fan 
will cross the chip at 90 degrees all the way to no outlet air passes over the chip. 
 
Evaluate Different Mini-Fan Models 
 
For this testing scenario one centrally located PWB will have the Heat Generating Component 
located on the top.  The ambient temperature will be room temperature. Varying mini-fan or 
mini-blower models will be placed on the PWB at the optimal distance and optimal orientation 
from the front edge of the Heat Generating Component and the power input will be 3 watts. The 
enclosed module will be sealed and all thermocouples will be used to record temperature data. 
Tests will be run until steady state is achieved. We will run tests for all of the mini-fan and mini-
blowers that were supplied to use by SUNON. Each test will evaluate only one mini-fan. 
 
Evaluate Effects of Quantity of Fans Used 
 
For this testing scenario one centrally located PWB will have the Heat Generating Component 
located on the top. The ambient temperature will be room temperature. A varying quantity of 
mini-fans will be placed on the PWB at the optimal distance and optimal orientation from the 
front edge of the Heat Generating Component and the power input will be 3 watts. The enclosed 
module will be sealed and all thermocouples will be used to record temperature data. Tests will 
be run until steady state is achieved. Tests will be performed for up to 4 mini-fans and the 
orientation of these fans may be adjusted if we think altered geometry may produce improved 
results. 
 
 
Effects of Increased Power Input 
For this testing scenario three PWB’s will be positioned at the maximum allowable spacing the 
total power input will be 13 watts. The ambient temperature will be room temperature. A mini-
fan will be placed at the optimal location and orientation. The test will be run until steady state is 
achieved. We will perform the test two times. The results 
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that we obtain will be compared with the similar testing performed with only one PWB and 
reduced power input. 
Effects of variable board spacing 
For this testing scenario three PWB’s will be assembled and the total power input will be 13 
watts. The ambient temperature will be room temperature. A mini-fan will be placed at the 
optimal location and orientation. The test will be run until steady state is achieved. The board 
spacing will be varied from 0.315 to 0.512 inches. The results that we obtain will be analyzed to 
see if board spacing has an effect on the Heat Generating Component temperature. 
Effects of additional PWB components 
For this testing scenario three PWB’s will be positioned at the maximum allowable board 
spacing and the total power input will be 13 watts. The ambient temperature will be room 
temperature. A mini-fan will be placed at the optimal location and orientation. The test will be 
run until steady state is achieved. The PWB’s will contain the specified amount of non-heat 
generating components. These components will complicate the airflow and heat transer in the 
test module. The results that we obtain will be analyzed to see if additional board mounted 
components have an effect on the Heat Generating Component temperature 
Effects of Ambient Temperature 
For this testing scenario three PWB’s will be positioned at the maximum allowable board 
spacing and the total power input will be 13 watts. The ambient temperature will be varied from 
room temperature to 75 °C. A mini-fan will be placed at the optimal location and orientation. 
The test will be run until steady state is achieved. The PWB’s will contain the specified amount 
of non-heat generating components. The results that we obtain will be analyzed to see if the 
effectiveness of the mini-fans is effected by the ambient temperature. 
All of these testing cases are to be performed in a manner such that the results from one test can 
be carried to the next; once an optimal location or orientation for a mini-fan is obtained that 
parameter will be used throughout the remaining testing procedure. Quantities of fans will be 
adjusted based on achieving our goal of 10°C reduction and optimal mini-fan efficiency. 
 
 
Testing Results 
 
Varying mini-fan distance from the Heat Generating Component 
 The first series of tests the distance of a fan from the edge of the heat generating 
component was varied while maintaining all other variables constant.  This allowed us to see the 
necessity of the fan to be close to the chip to achieve the maximum heat removal.  We performed 
this test for 4 different distances, 1 mm, 10 mm, 15 mm, and 20 mm, and one with no fans to 
determine the maximum temperature.  The power being consumed by the heat generating 
component was 3W and there was only one board to eliminate other factors that could influence 
the outcome of the testing.  The mini-blower model UB393-10 was used, since it had the best 
combination of size and volume flow rate, during testing unless otherwise noted.  Figures 3.2 and 
3.3 show the transient examples of the data obtained.   
 
Figure 3.2: Plot of the temperature vs. time of various points at steady state with no fans. 
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 Figure 3.3: Plot of the temperature vs. time of various points for 1mm. 
 Figure 3.4 shows the temperature of the heat generating component for each test 
performed varying distance.  The temperature of the ambient air was subtracted from the 
temperature of the chip to attempt to eliminate environmental effects on the final temperature.  
Figure 3.4 clearly shows that the closer the fan is placed to the chip, the more effect the fan has 
on the steady state temperature of the chip, however the temperature difference is not 10°C. 
 
Figure 3.4: Steady state temperature of the heat generating component vs. distance of the fans 
from the heat generating component. 
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Evaluate Different Mini-Fan Models 
 After performing this test with the higher volume flow rate mini-blowers, the mini-fans, 
model UF385-10, with a lower volume flow rate were tested at 1 mm distance.  This test showed 
that the smallest mini-fan model, UF385-10, reduces the temperature of the chip by 1°C.  Since 
this does not have a significant impact on the temperature of the heat generating component and 
the area that it takes up on the board is not significantly smaller than the more effective mini-
blower model, it was decided that this model mini-fan would not be tested any further. 
 Tests were also performed using the higher volume flow rate mini-fan models, and as 
was expected the higher the volume flow rate the larger the reduction in temperature of the heat 
generating component. 
 From these initial tests, it is apparent that the ideal location for the mini-fans is as close to 
the heat generating component as possible.  The next aspect that must be considered is the effect 
of the orientation of the fans.  Seven tests were performed with one or multiple fans to 
investigate the effects of orientation. 
 
Effects of Increased Power Input 
 The increased power output of the heat generating component has a substantial impact on 
its reduction in temperature.  Figure 3.5 shows the transient response of various points of interest 
during testing after increasing the power consumed by the heat generating component to 5W.  
The heat transferred from the chip increases as the difference in temperature between the chip 
and the air increases.  Due to this relation, one can compare Figures X and X and see that this 
higher wattage will result in a higher decrease in temperature upon the implementation of the 
mini-fans. 
 Figure 3.5: Transient response of various points of interest using an increased power output of 
5W. 
 
Evaluate Effects of Quantity of Fans Used 
The first test using multiple fans was to place two fans at the edge of the heat generating 
component very close together and see what the effect was of having more air being blown over 
the chip.  By comparison the test had a slightly better effect than one fan at the same distance, 
reducing the temperature of the chip by 10°C. 
 To more thoroughly understand this situation, two fans were oriented at the same 
distance, 1 mm, from the chip, but they were positioned at the maximum distance apart so that 
they still blew directly over the chip.  The final steady state temperature of the chip achieved is 
8°C lower than with no fans, implying that the closer the fans are oriented together the more 
effect they will have on reducing the temperature of the chip. 
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Orientation of Mini-Fans With Respect to Heat Generating Components 
The next series of tests was to cool the chip by placing a fan in the case and orienting the 
fan such that it does not blow over the chip, it simply circulates the air in the case.  To do this we 
placed one fan 10 mm from the chip and rotated it 90° so it would now blow over the chip.  The 
final temperature of the heat generating component was not significantly reduced by simply 
circulating the air in the case.  So, the next step in the investigation was to analyze the effects of 
orienting multiple fans blowing over the chip. 
 The next test performed placed two fans in series in an attempt to more quickly remove 
air from the vicinity of the heat generating component.  Arranging these fans in series achieved 
the same steady state temperature as placing one fan 1 mm from the front of the chip, an 8°C 
temperature reduction.  This scenario shows that adding an additional fan in series does not assist 
in the reduction of the temperature of the chip. 
 After a significant amount of testing, it became apparent that there was a significant 
difference in the temperature of the bottom and top air inside the case.  Circulating this cooler air 
on the bottom of the case could reduce the temperature of the chip.  A mini-fan was placed 1 mm 
from the edge of the heat generating component and another was placed on the bottom of the 
case to circulate the air.  After reaching steady state for this test, the heat generating component 
had dropped 8°C.  It should also be noted that the internal air reached an isothermal temperature 
of 35°C.  Since the heat generating component was not reduced in temperature more than the 
simple scenario with one fan, this is not a more effective way to reduce the temperature of the 
component and should not be used. 
 The last two tests performed with one circuit board and one heat generating component 
used two fans located 1 mm from the heat generating component with varying orientations.  The 
first test positioned the two fans on two adjacent sides of the chip.  Both fans were blowing over 
the chip.  This test resulted in a reduction in temperature of 10°C. 
The next test positioned the two fans on two opposing sides of the chip.  Both fans were 
blowing over the chip.  This test resulted in a reduction in temperature of 10°C. 
 A plot of the steady state temperature of the heat generating component for all 
seven previously described tests is shown in Figure 3.6. 
 Figure 3.6: Steady state temperature of the heat generating component for various orientations. 
 
Effects of Variable Board Spacing 
 Up to this point in testing, only one circuit board is placed into the case, one heating 
element is used, one ambient temperature is used, and no additional components are placed onto 
the board.  According to the problem statement, these complicating factors must be added.  The 
next series of tests performed incorporated the aspect of other circuit boards above and below the 
original board with the heat generating component. 
 The first of these tests simply add the two additional circuit boards with an 8 mm gap of 
air space between each of the three boards.  These boards also have heating elements assembled 
onto them.  These heating elements consume 5W of power each.  Including the center circuit 
board this brings the total power consumed by the system to 13W.  A fan is placed 1 mm in front 
of the heat generating component on the center circuit board. 
 The second test performed investigating the effects of board spacing simply changed the 
spacing between each board from 8 mm to 13 mm while maintaining the power consumption and 
mini-fan location and orientation.  A comparison of these results is shown in Figure 3.7.  
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 Figure 3.7: Steady state temperature of the heat generating component with 3 circuit boards at 
varying spaces. 
 
Effects of Additional Components 
 Multiple tests were performed with the fan mounted 1 mm away from the heat generating 
component and the temperature of the heat generating component was reduced by 10°C.  The 
results of this series of tests are shown in Figure 3.8.  These additional components acted like a 
fin by increasing the surface area of the circuit board.  This allowed for more heat to be 
transferred from the board to the air, and therefore reduced the temperature of the heat generating 
component. It should be noted that these additional components were merely mock components 
and generated no heat.  The effect of these additional components on the circuit board was found 
to increase the change in temperature of the chip during our testing.  This implies that the 
additional components act like a fin by increasing the surface area of convection.  This increase 
in surface area then increases the reduction of the temperature of the heat generating component. 
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 Figure 3.8: Steady state temperature of the heat generating component after adding components 
at steady state with no fans and one mini-fan mounted 1 mm from the edge of the heat generating 
component. 
 
Effects of Ambient Temperature 
 The ambient temperature does not have as large of an effect as initially anticipated.  Tests 
were performed where the ambient temperature was increased to 50°C and the number of fans 
was varied.  Initially one fan was used at a distance of 1 mm from the chip, then two fans were 
implemented at the outer edges, and finally three fans were placed.  The results of these tests are 
shown in Figure 3.9.  By comparing the results of this higher ambient temperature with the 
results of lower ambient temperature tests, it can be observed that increasing the ambient 
temperature does increase the change in temperature of the heat generating component.  It should 
be noted that an additional test was performed with three fans at this higher temperature to 
validate the previous tests. 
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 Figure 3.9: Temperature of the heat generating component at an ambient temperature of 50°C 
with a varying number of fans. 
 After testing there were certain fan set-ups that yielded the greatest decrease in 
temperature.  These were two fans located on adjacent sides of the heat generating component, 
two fans located on opposite sides of the heat generating component, two fans on the same side 
close together blowing over the heat generating component, and positioning the fan as close to 
the heat generating component as possible.  Figure 3.10 shows decrease in temperature of each 
of these scenarios. 
 All raw test data is shown in the appendix. 
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 Figure 3.10: Change in temperature of the heat generating component due to the mini-fans for 
different testing scenarios. 
 
Analysis 
 Mathematical models were developed to validate the experimental results.  This 
mathematical model uses the concept of a thermal resistance network to determine the 
temperature of a point in the system given various known parameters of the system.  The 
computer code created to implement analyze this thermal resistance network is shown in the 
appendix. 
 During the initial series of testing, the power consumed by the heat generating component 
was 3W and only one circuit board was assembled into the module.  Comparing the experimental 
results of 3W of power consumed with one board in the module and no mini-fans, the 
mathematical model that was developed yields the results shown in Figure 3.11.  As seen in 
Figure 3.11 the only significant difference in temperature is the temperature of the circuit board.  
However, the circuit boards being used are simply two thin copper sheets placed on the outside 
of a composite fiberglass material.  Since the circuit boards are quite thin, the thermocouples 
used were assembled into the composite fiberglass material which read a lower temperature than 
that of a typical circuit board that would be filled with highly conductive metal wiring. 
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 Figure 3.11: Comparison of the temperature predicted by the mathematical model compared to 
that of the experimental results collected during testing of 3W of power consumed and no mini-
fans. 
 The test evaluating the relationship between the distance of the fan away from the heat 
generating component and the reduction in temperature yielded that the closer the fan is to the 
chip, the higher the reduction in temperature will be.  Figure 3.12 shows the comparison of the 
mathematical model to the experimental results obtained during this test.  Once again the 
measured temperatures follow the same trend as predicted by the mathematical model. 
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 Figure 3.12: Comparison of the temperature predicted by the mathematical model compared to 
that of the experimental results collected during testing of 3W of power consumed and one mini-
fan located 1 mm from the heat generating component.  It should be noted that the thermocouple 
measuring the board temperature had not been installed during this test. 
 Increasing the power consumed by the heat generating component also followed the same 
trend as seen in Figure 3.13. 
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 Figure 3.13: Comparison of the temperature predicted by the mathematical model compared to 
that of the experimental results collected during testing of 5W of power consumed and no mini-
fans.  It should be noted that the thermocouple measuring the board temperature had not been 
installed during this test. 
 Since this model is based solely on convection coefficients provided by the mini-fans, 
similar trends will occur for each tested case. 
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Section IV: Evaluation and Recommendations 
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 Throughout testing and analysis the objective was to reduce the temperature of a heat 
generating component by 10°C.  It was determined that under certain circumstances this is 
possible.  However, there are certain situations that were encountered during testing that merit 
additional investigation such as increasing the fan power to its maximum, additional testing of 
the effects of board spacing, and impinging flow.  Due to time constraints and material constraint 
these situations were not investigated. 
 Since SUNON’s mighty mini-fans were in limited supply, the danger that increasing the 
power to the mini-fans could destroy them did not allow for maximum power to the fans. The 
fans were tested at 95% of their capacity to increase the life time of the fan.  Also, to compare 
how the flow rates at varying power inputs an anemometer could be used.  This information 
could be used to more accurately anticipate convection coefficients. 
 During the investigation of the effects of board spacing, it was determined that the closer 
the boards were together the higher the steady state temperature of the system.  This resulted in a 
higher reduction in temperature of the heat generating component.  However, during testing the 
resistor generating heat on the two outer circuit boards was positioned so that the resistors were 
radiating heat directly onto the heat generating component.  This radiation will significantly 
increase the overall temperature of the heat generating component.  But, if a system does not 
have this significant radiation term, it will behave differently.  Additional testing would be 
required if such a situation was encountered. 
 Impinging flow is a type a fluid flow in which the velocity of the flowing fluid 
encounters a surface at an angle of about 90 °; simply stated, air is blowing down onto a surface.  
Ideally this situation will create a turbulent flow which will significantly increase the reduction 
in temperature of the heat generating component.  However, since the mini-fan being used for 
the majority of testing was meant to be thin and flat on the circuit board, assembling a system to 
create impinging flow would have required a substantial amount of air space between the circuit 
boards.  Since reducing the area taken by the mini-fans was a priority, this scenario was not 
investigated. 
 Although these situations merit additional testing if they were to be implemented into a 
design, there are other methods to reduce the temperature of a heat generating component by 
10°C using SUNON’s Mighty mini-fans/blowers. 
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Conclusions
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 The results of testing and from mathematical models correlating this testing it has been 
found that reducing the temperature of a heat generating component can be achieved under 
certain circumstances.  To achieve the maximum temperature reduction by implementing 
SUNON’s mini-fans the following issues must be considered. 
 Available area on the circuit board near the component to be cooled 
 Power consumed by the component to be cooled 
 Air space between each circuit board 
 Tolerances of the mini-fans 
The area near the heat generating component must be relatively unpopulated by other 
components to allow for a mini-fan to be positioned as closely as possible.  The ideal location for 
a mini-fan is as close to the heat generating component as possible without contacting the 
component.  Also, the larger the amount of area available next to the heat generating component, 
the more choices of mini-fan models that can be implemented.  Certain mini-fan models have 
higher volume flow rates which will increase the heat removed from the component.  If 
numerous smaller areas are available around the heat generating component, the number of fans 
surrounding the component can be increased to greater facilitate the heat transfer from the 
component. 
The power consumed by the component to be cooled has a great impact on the potential 
reduction in temperature.  As shown in testing, a small increase in the wattage of a heat 
generating component greatly increases the temperature difference between the component and 
the internal air surrounding it.  This temperature difference directly and greatly influences the 
heat transferred from the chip to the air.   This implies that if a chip has a higher power 
consumption rate, a smaller mini-fan model will achieve the results required more easily than if 
the component was consuming less power. 
The air space between each of these circuit boards affects the amount of heat removed.  
The results from testing indicate that a large air space will reduce the temperature of the heat 
generating component more than a smaller air space.  Once again this implies that if a larger air 
space is available a smaller mini-fan model may be used to achieve the same results as a case 
with a smaller air gap and a larger mini-fan model. 
 The tolerances of the mini-fans drastically reduce their potential uses.  These mini-fans 
cannot perform reliably in air temperatures exceeding 70°C for any substantial length of time.  
Also, the mini-fans required up to 70mA of current to run at maximum capacity.  Any circuit 
boards implementing these mini-fans would have to be redesigned to provide current.  It should 
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also be noted that these fans make noise; although not overtly obvious, if used for military 
purposes some type of additional sound buffer may need to be implemented. 
 Aside from the four aforementioned factors, the testing performed does not indicate that 
any other factors will have a negative influence on the temperature reduction of this heat 
generating component.  The ambient temperature affects the overall temperature of the system; 
however it does not affect the reduction in temperature of the component.  The addition of other 
components onto the circuit board increases the temperature reduction; this is most likely due to 
the high conductivity between the board and the components.  The components act like a fin and 
increase the surface area that the heat can be transferred through. 
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Raw data recorded during testing: 
Note: All temperature measurements are in °C 
 
Until otherwise noted the following table denotes the locations of the thermocouples 
 
T1  Heat Generating Component  T4 Case(side) 
T2  Internal Air(Top)  T5 Case(Top) 
T3  Internal Air(Bottom)  T6 Ambient Air 
 
Transient response for one circuit board with no mini-fans and a power consumption of 3W 
 
Time (min)  T1  T2  T3  T4  T5  T6 
0  22  22 22 22 22  22
30  66  35 27 25 25  22
60  68  37 29 28 28  23
90  70  39 31 29 29  23
120  71  39 32 30 30  23
 
Varying mini-fan distance from the Heat Generating Component 
1 mm from heat generating component 
Time (min)  T1  T2  T3  T4  T5  T6 
0  71  39 32 30 30  23
85  63  39 33 31 31  23
120  63  39 33 31 31  23
 
10 mm from heat generating component 
Time (min)  T1  T2  T3  T4  T5  T6 
0  54  34 32 30 30  23
20  65  36 32 30 30  23
50  65  36 33 30 30  23
60  65  36 33 30 30  23
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15 mm from heat generating component 
Time (min)  T1  T2  T3  T4  T5  T6 
0  70  37 32 30 30  23
110  66  37 33 31 31  23
 
20 mm from heat generating component 
Time (min)  T1  T2  T3  T4  T5  T6 
0  56  35 32 30 30  23
25  65  36 33 30 30  23
68  66  36 33 30 30  23
85  66  36 33 30 30  23
96  66  36 33 30 30  23
 
Evaluating different mini-fan models 
 
Mini-fan model UF385-10 located 1 mm from the heat generating component 
 
Time (min)  T1  T2  T3  T4  T5  T6 
0  22  22 22 22 22  22
36  68  36 30 28 28  22
53  69  37 30 28 28  22
73  70  37 31 29 29  22
 
Mini-fan model UF3H3-100 located 1 mm from the heat generating component 
 
Time (min)  T1  T2  T3  T4  T5  T6 
0  70.6  45.8 40.1 30.4 30.4  22.2
110  56.7  40.8 34.5 29.8 29.8  22.2
 
Effects of Increased Power Input 
 
5W of power consumed by the heat generating component 
 
Time (min)  T1  T2  T3  T4  T5  T6 
0  22  22 22 22 22  22
109  98  46 37 34 34  22
346  100  47 39 35 35  22
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Until otherwise noted the following table denotes the locations of the thermocouples 
 
T1  Heat Generating Chip  T5 Case(Top) 
T2  PWB  T6 Internal Air(Bottom) 
T3  Internal Air(Top)  T7 Ambient Air 
T4  Case(side)    
 
Effects of Quantity of Fans Used 
 
Two fans on the same side of the heat generating component 1 mm apart 
 
Time (min)  T1  T2  T3  T4  T5  T6  T7 
0  23.2  23.2 23.2 23.2 23.2  23.2  22.8
30  65.2  41.6 30 25.9 26  28.6  22.8
60  59.8  41 33 28.1 28  32.2  22.8
90  61.1  42.5 34.5 29.7 29.7  33.9  22.8
105  61.8  42.8 34.8 30.2 30.1  34.4  22.8
128  62.4  43.5 35.2 30.6 30.7  35.2  22.8
158  61  43 35 30 30  35  23
 
Two fans on the same side of the heat generating component ~38 mm apart 
 
Time (min)  T1  T2  T3  T4  T5  T6  T7 
0  69.8  46.3 34.1 30.1 30.1  32.9  22.8
30  63  44.5 38.3 31.4 31.4  37.2  23.1
45  63.1  44.6 37.4 31.6 31.6  37.3  23.3
60  63.3  45.7 38 32.1 32.2  38  23.3
 
 
 
 
Orientation of Mini-Fans With Respect to Heat Generating Components 
 
One mini-fan 10 mm from the heat generating component and rotated 90° 
 
Time (min)  T1  T2  T3  T4  T5  T6  T7 
0  67  ‐  37 31 31  32  23
120  69  ‐  38 31 31  33  23
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Two fans in series 
 
Time (min)  T1  T2  T3  T4  T5  T6  T7 
0  42  35 30 28 29  30  23
23  61  43 33 30 29  32  21
46  62  44 33 30 30  33  22
69  62  44 34 30 30  33  22
 
One fan blowing over component 1 mm away and one fan on the bottom of the case circulating air 
 
Time (min)  T1  T2  T3  T4  T5  T6  T7 
0  70  45 39 32 30  30  23
120  63  44 35 31 35  22  22
 
Two fans on adjacent sides of the heat generating component 
 
Time (min)  T1  T2  T3  T4  T5  T6  T7 
0  70  46 32 29 29  ‐  23
60  61  44 34 30 30  ‐  23
 
Two fans on opposing sides of the heat generating component 
 
Time (min)  T1  T2  T3  T4  T5  T6  T7 
0  70.1  45.7 39.9 30.3 30.3  ‐  22.7
60  59.8  43.8 40.2 30.4 30.4  ‐  22.7
 
Until otherwise noted the following table denotes the locations of the thermocouples 
 
T1  Heat Generating Chip  T5  Bottom Air  T9 Case Side 
T2  Bottom Board  T6  Air, Lower Middle  T10 Case Top 
T3  Middle Board  T7  Air, Upper Middle  T11 Ambient 
T4  Top Board  T8  Air Upper    
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Effects of Variable Board Spacing 
 
No fans with boards oriented 8 mm apart 
 
Time (min)  T1  T2  T3  T4  T5  T6  T7  T8  T9  T10  T11 
0  22  22  22  22 22 22 22 22  22  22 22
60  88  52  62  54 37 60 62 58  29  30 22
90  96  59  70  61 43 67 69 66  35  35 22
120  98  61  72  63 45 69 71 69  37  37 22
150  100  63  74  65 47 71 72 71  38  38 22
180  100  63  74  65 47 71 72 71  38  38 22
 
One fan located 1 mm from the heat generating component board spacing 8 mm 
 
Time (min)  T1  T2  T3  T4  T5  T6  T7  T8  T9  T10  T11 
0  100  64  75  66 48 72 73 73  39  39 23
30  88  62  66  61 47 68 67 64  40  40 22
60  88  62  66  61 47 68 67 64  40  40 22
 
No fans with board oriented 13 mm apart 
 
Time (min)  T1  T2  T3  T4  T5  T6  T7  T8  T9  T10  T11 
0  27  25  26  25 23 23 23 23  23  23 23
60  91  57  69  61 43 62 66 67  37  37 23
90  94  59  71  63 45 64 66 67  37  37 23
120  95  60  73  65 47 66 68 68  39  39 23
150  96  61  74  66 47 66 69 69  40  40 23
180  96  61  74  66 47 67 69 69  40  40 23
 
One fan located 1 mm from the heat generating component board spacing 13 mm 
 
Time (min)  T1  T2  T3  T4  T5  T6  T7  T8  T9  T10  T11 
0  96  61  74  66 47 67 69 69  40  40 23
30  86  59  67  61 48 63 63 64  41  41 23
60  86  59  67  62 48 63 63 63  41  41 23
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Effects of Additional Components 
 
Additional components added to circuit board 
 
Time(min)  T1  T2  T3  T4  T5  T6  T7  T8  T9  T10  T11 
0  70  ‐  48  ‐  39 ‐  ‐  35  27  27 22
88  60  ‐  43  ‐  37 ‐  ‐  35  27  27 22
 
Effects of Ambient Temperature 
 
No mini-fans 3W of power 
 
Time (min)  T1  T2  T3  T4  T5  T6  T7  T8  T9  T10  T11 
0  50 - 50 - 50 - - 50 50 50 50
90  97 - 71 - 78 - - 71 59 52 50
 
One mini-fan located 1 mm away from the heat generating component 
 
Time (min)  T1  T2  T3  T4  T5  T6  T7  T8  T9  T10  T11 
0  98 - 68 - 78 - - 71 59 59 50
90  90 - 66 - 74 - - 69 60 60 50
 
Two mini-fans located ~38 mm apart 
 
Time (min)  T1  T2  T3  T4  T5  T6  T7  T8  T9  T10  T11 
0  90 - 69 - 74 - - 69 59 59 50
550  89 - 71 - 75 - - 70 60 60 50
 
Three fans all 1 mm apart located and centered about one edge of the heat generating component 
 
Time (min)  T1  T2  T3  T4  T5  T6  T7  T8  T9  T10  T11 
0  89 - 71 - - 70 - 70 60 60 50
75  87 - 70 - - 69 - 69 59 59 50
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Engineering Equation Solver program used to analyze the thermal resistance network 
 
//from an estimate of natural convection and radiation provided by George Ngugi's model 
h_o = 20 
 
//Resistance estimates ----------------------------------------------------------------------------------------------------- 
 
h_naturalconvection = 2 
R_1= 1/(h_chip*SurfaceArea_Chip) 
R_2= MIN(1/(h_experimental*SurfaceArea_Walls_inner), 
1/(h_naturalconvection*SurfaceArea_Walls_inner)) 
R_3= .00363 
R_4 = 1/(h_o*SurfaceArea_Walls_outer) 
R_5= .001 
R_6= MIN(1/(h_experimental*SurfaceArea_board),1/(h_naturalconvection*surfaceArea_board)) 
R_7= 100 
 
h_experimental = 5 
h_chip = 20 
 
// Surface Area Calculation -------------------------------------------------------------------------------------------------- 
 
SurfaceArea_Chip = (0.0387^2) + (0.0387*0.00387)*4 [m^2] 
SurfaceArea_Board = ((5*3)*2 + 2*(3*.062) + 2*(5*.062))*(0.0254^2) [m^2] 
SurfaceArea_Walls_outer = ((2*5.5*3.5) + (2*1.5*3.5) + (2*1.5*5.5))*(0.0254^2) [m^2] 
SurfaceArea_Walls_inner = ((2*5*3) + (2*1*3) + (2*1*5))*(0.0254^2) [m^2] 
 
T_6 = 23 
Q = -3 
 
(T_2 - T_1)/R_1 + (T_3 - T_1)/R_5 = Q 
(T_1 - T_2)/R_1 + (T_4 - T_2)/R_2 + (T_3 - T_2)/R_6 = 0 
(T_4 - T_3)/R_7 + (T_1 - T_3)/R_5 + (T_2 - T_3)/R_6 = 0 
(T_2 - T_4)/R_2 + (T_3 - T_4)/R_7 + (T_5 - T_4)/R_3 = 0 
(T_6 - T_5)/R_4 + (T_4 - T_5)/R_3 = 0 
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